Professor William (Bill) Johnson, engineer, educator and research scientist, died peacefully on 13 June 2010, aged 88 years. His illustrious academic career spanned more than 50 years, during which time he published more than 400 papers and wrote eight books. His primary speciality within applied mechanics was the applications of plasticity theory to manufacturing processes and to impact mechanics, to both of which he contributed well-received text books. However, he also had a long-established passion for the history of science and technology. His research and publications also included engineering aspects of sports, medicine, history and literature. He engaged students with an exciting style of teaching, engendering enthusiasm for the subject at a time when, primarily, only chalk and blackboard were available. He was also an inspirational research collaborator. Many students and colleagues who had their initial training under his guidance have been appointed to chairs throughout the world.
both a research profile and a recognized teaching capability. He built up the research ethos in the department, which grew through the introduction by Bill of a set of divisions to produce a comprehensive coverage of the subject.
While the initial Head of Department, Bill also headed the Applied Mechanics Division; he was also responsible for the appointment of two other new professors, Roland Benson to head the Thermo-Fluid Mechanics Division and, somewhat unconventionally, Franz Koenigsberger to head a Machine Tools Division. The Department was plainly designed to provide a comprehensive academic support for British industry.
In the Applied Mechanics Division he assembled a formidable capability in experimental and theoretical solid mechanics. This combination of theory and experiment/testing was the hallmark of much of his research.
Over the period 1960-79 he wrote several books, for example Plasticity for mechanical engineers (3) in 1962 (later to become Engineering plasticity (8) in 1973) with Peter Mellor, whom he had first met in Sheffield. There then followed Impact strength of materials (6) in 1972. These remain classics, as well-referenced engineering reference texts in solid mechanics. These books are in contrast with, but in a supportive and complementary way, the more overtly mathematical texts of Hill, and with W. Goldsmith's Impact (Goldsmith 1960) .
Never one for limiting his horizons, he was also instrumental in setting up a History of Science and Technology Department and a Medical Engineering Unit in the college.
Bill's other major achievement was the establishment of International Journal of Mechanical Sciences (IJMS) in 1960 and International Journal of Impact Engineering (IJIE) in 1983. Both of these journals contributed to the growing international research profile of the college and, indeed, of Manchester.
IJMS was first published by Pergamon Press under the ownership of Robert Maxwell, for whom Bill had a great respect, probably due to their common military background during World War II.
Cambridge and retirement
In 1975 Bill, to the surprise and some consternation of his colleagues, particularly in the Applied Mechanics Division, was elected to the Chair of Mechanics at Cambridge University. There he was heavily involved in starting the Production Engineering Tripos, acting as its Director. This heralded the official embracing of manufacturing engineering at undergraduate level at both Cambridge and Oxford. His involvement in manufacturing clearly stemmed from his own interest in plasticity and his earlier establishment of the Machine Tools Division in Mechanical Engineering in UMIST. It was clear to me as a colleague of his in Cambridge from 1976 that, notwithstanding Bill's success in broadening the engineering perspective of Cambridge into manufacturing, he never really integrated totally there.
Having gained international recognition and with the imprimatur of the Chair of Mechanics in Cambridge, he was elected a Fellow of the Royal Society in 1981, much to the delight of family and friends. The citation on his election is as follows:
Distinguished for basic studies of the mechanics of metal forming and for pioneering investigations of novel technological processes. Johnson's 230 papers and five books have established an international reputation in metal-working theory and design. His experimental work is imaginative and wide-ranging, and is supported by effective mathematical calculations. He has made substantial contributions to the fundamental understanding of metal flow in extrusion, forging, deep-drawing, blanking, and machining processes. In recent years he has systematically explored difficult and hazardous techniques of explosive forming and cutting. His latest ventures are in speculative fields such as ring-rolling, rotary forging, bubble-casting, electro-magnetic and magneto-hydraulic shaping, and energy-absorption devices. Johnson is the founder-editor of the International Journal of Mechanical Sciences, and has served as a consultant to many companies and government bodies. He has been for many years the inspiring leader of an extremely active and productive group of research engineers.
He had an interesting mix of supporters. 
Engineering plasticity and manufacturing processes
Bill Johnson had wide research interests, principally in the field of plasticity, concerning the permanent deformation of material beyond the elastic (recoverable) limit, which is particularly relevant in manufacturing processes. These interests were initially focused on metal-forming plasticity, in which he has been acknowledged as a prime contributor. This view is supported by the success of his very popular academic textbooks with Peter Mellor (3, 8) and his more specialized slip-line field texts with Jim Haddow and Bob Sowerby (5) and with Hideaki Kudo (4). Some brief examples of his studies in plasticity are given in figure 1. Figure 1 summarizes the essence of his research ethos as described in the Royal Society citation above, even from an early stage with a mix of experimentation and calculation. This is what can truly be described as the 'Johnson method'. These early studies concerned the extrusion of a cylinder to produce a longer one of a reduced diameter. This was an early study into the essence of wire and sheet drawing, a basic industrial manufacturing process. Technically this was directed to an investigation of the forces involved and the internal effect on the material resulting from this permanent (that is, plastic) distortion. This is an area that both Bill and Rodney Hill explored. Both published some of their early work in the early volumes of Hill's new Journal of the Mechanics and Physics of Solids (JMPS); see, for example, Green & Hill (1952) and (1, 2).
Bill had a long-term acquaintanceship with Hill, whose work he first encountered in Sheffield, although Hill had already moved to Bristol when Bill arrived there. They were both early proponents of plasticity theory (the understanding and modelling of the permanent deformation of materials, particularly steel, in manufacturing processes) in the UK, Rodney from the mathematical perspective and Bill from the much more pragmatic and manufacturing design perspective. As an aside, in 1949 Hill, after taking a PhD at Cambridge with a thesis entitled Theoretical studies of the plastic deformation of metals, had moved to Sheffield to head a new section in the Metal Flow Research Laboratory at BISRA. The publication of The mathematical theory of plasticity (Hill 1950) in the following year established him as a leading authority in the field. In 1950 Hill moved to Bristol University to take up a three-year research fellowship in the departments of Physics and Mathematics, and in 1952 he founded JMPS, published by Pergamon Press as a forum for applied mathematics linked with experimentation in engineering science. Clearly this journal was an attraction to Bill in publishing his own research work, and Bill followed Rodney with the founding of IJMS in 1960. IJMS had a broader scope than JMPS, though including the mechanical engineering treatment of plasticity as a major topic. Interestingly, the name for IJMS arose from Bill's appreciation and recognition of the Mechanical Sciences Tripos in Cambridge.
The association between Bill and Rodney continued when the latter was appointed Professor of Applied Mathematics in Nottingham and when he moved to become a University Reader in the Department of Applied Mathematics and Theoretical Physics, Cambridge; later, Rodney was appointed to a personal chair there. Although in regular contact over the years, Bill and Rodney resumed a closer association when Bill moved to Cambridge in 1975.
The two were very different characters: Bill was clearly engineering oriented, although with a mathematical string to his bow, and Rodney was the more punctilious applied mathematician responsible for identifying and developing several major advances in continuum mechanics. To an observer they seemed very different characters who related well, possibly as a result of their commitment to their similar technical interests in plasticity.
According to (15) (p. 145), slip-line field theory was their common interest. Some of Bill's early works, as noted above, were published in BISRA reports and others in Hill's new JMPS. Bill in (15) generously acknowledges that he learned much in the early days of his research from Hill's comments and advice on his early draft submissions. Briefly, slip-line field theory stems mathematically from a solution of the governing partial differential equations (which are hyperbolic) for plane-strain plastic deformation of a rigid, perfectly plastic (that is, with no strain hardening) material. Such a material has a constant yield stress, the stress at which plastic or permanent deformation begins. This idealization is used extensively as a simplification for material behaviour beyond the elastic (recoverable) range. The use of this material model is extensively described in the books by Hill and by Johnson & Mellor (3, 8) . Mathematically, the method uses a solution technique for the equations governing plane plastic 'flow' called the 'method of characteristics'. This method leads to the formulation of equations that, in two dimensions, apply along particular lines, called α and β lines, that cover the region in question; the equations enable the non-uniform stresses throughout the region to be computed. There are many examples of its use in the literature, of which (1, 2) provide early examples.
To obtain a better understanding of the problem, Bill used observations of the distortion of a square grid stamped onto the central plane of an extruded cylinder using a single, central die (figure 1a), or alternatively a pair of symmetrical orifices or, indeed, an offset orifice (figure 1b); these result in different flow patterns, which have manufacturing implications.
Theoretical modelling of these types of process developed from simple methods into the use of slip-line fields (1, 2), which gave a more detailed account of the non-uniformity of both the stresses (internal loads) and strains (internal deformation); the latter is of prime interest to industrial applications, in which the possibility of internal cracks during the manufacture of a product is a concern. The use of slip-line field methods can produce very useful information, as exemplified in figure 1c . This method readily lent itself to graphical methods, which Bill and his students (such as Nawnit ('Neville') Chitkara) investigated extensively. In the main, this method has now been superseded by finite-element or other computational methods. Bill also used simplified, less accurate, techniques for studying problems of this kind, based on the upper-bound theorem of plasticity theory.
A mark of Bill's international influence on the subject of plasticity as a basis for manufacturing can be seen in his recognition by the inception in 1993 of the W. Johnson Gold Medal by the organizers of Advances in Materials and Processing Technologies (AMPT), an annual conference series for academics and industrialists. AMPT was founded in 1990 at Dublin City University, Ireland; AMPT conferences were held there in 1993, 1995, 1999 and 2003 . Other conferences have been held in Portugal, Malaysia, Spain, Poland, the USA, Korea, Bahrain, Malaysia, Paris, Istanbul, Wollongong and Sydney; in 2013 the conference was held in Taipei, Taiwan.
The AMPT conference series provides a forum for academics, researchers and practising engineers to meet and exchange innovative ideas and information on all aspects of material processing technologies. Following Bill's general ethos, the award of the medal is 'to recognize and appreciate distinguished academic achievements', and is made to 'a most distinguished academic in materials processing research and teaching'. Recipients of the medal since 1993 have been senior academics from the UK, Japan, Poland, South Korea, Saudi Arabia, Singapore, Turkey, France and Australia. Figure 2 indicates an early study at Manchester College of Technology on the explosive forming of a dished end-cap, roughly 4 feet in diameter, for a pressure vessel. Many such tests were performed with Frank (now Professor) Travis in a quarry near Macclesfield, about which there were countless interesting stories!
Explosive metal forming

Impact mechanics
As noted above, Bill's interest in methods of metal forming and manufacture led him to investigate the constructive use of explosive energy release for metal forming, of which figure 2 is one of many examples. This led him into the related area of impact mechanics and engineering, which also has clear structural implications in terms of topics such as ballistics and penetration mechanics (13) and impact energy absorption (11); these references are two of his most highly cited papers. The fact that plasticity, and other forms of inelastic behaviour, have a dominant effect in the dynamic loading (impact and blast loading) of structures and materials generally became a major interest of Bill in the 1970s and led to Bill's writing the book Impact strength of materials (6). This title reveals Bill's bias towards applications rather than to the mathematical foundations of the subject.
Penetration mechanics
As an example of Bill's broader work on impact mechanics, figure 3 shows some work in penetration mechanics (12), which is concerned with the ballistic interaction between a projectile and a target. Bill and his group have published many papers, some being reproduced in Impact strength of materials (6). Figure 3 (12) shows one of several examples of how Bill informed the mechanics of very-high-velocity impact by the novel use of Plasticine as a model material. As shown in Figure 3a , b, this was achieved in a laboratory environment. Similarity between specimens of Plasticine and metal was achieved by the use of the non-dimensional parameter ρV 2 /Y, sometimes termed the Johnson damage number. Here, ρ, V and Y are respectively the density, impact velocity and yield stress of the projectile material. In the appropriate regime of this parameter, materials can display even fluid-like behaviour on impact.
This example shows the 'inversion' of a cylindrical 'long rod' projectile on penetration, a phenomenon achieved by using a very simple device to fire a Plasticine projectile into a Plasticine target at a velocity of a few hundred metres per second. This was Bill's basic idea. The set-up judiciously uses the properties of Plasticine as encapsulated in the Johnson damage number to simulate, in essence, phenomena similar to that produced by a metal (high-density) projectile striking a thick metal target at speeds of several thousand metres per second, requiring a gas gun or similar device.
The outline mechanism, in which the long rod projectile's material properties at high impact velocity become more like a fluid jet, is shown in Figure 3c alongside photographs of real tests of penetration into steel by tungsten-based projectiles with a length : diameter ratio of 10 : 1, fired at speeds in excess of 1500 m s −1 (compare this with the few hundred metres per second for the Plasticine cylinder). Several details, such as the increased diameter of the resulting cavity and the clear inversion of the projectile, are obvious in the simple Plasticine experiments (12). Long-rod penetrators are in current use by the military. This experiment also demonstrates the 'mushrooming' of the projectile at lower impact velocities and the transition into jetting behaviour.
Impact energy absorption
Another area of impact mechanics to which Bill contributed was impact energy absorption. This is concerned with the design and modelling of structures to absorb kinetic energy by means of dissipation in large structural plastic deformation. Figure 4 shows stages in energy absorption by a ring or tube. This scheme led to much research by Bill and his collaborators (11) .
This area of study required Bill's movement into the field of structural plasticity, involving the plastic deformation of elements such as beams, plates and shells, usually regarded as the province of civil engineers. However, the interest here is in the displacement or crushing behaviour of the structure.
Many other such studies are contained in Bill's publications.
Sport
In addition to his two major fields of study-the mechanics of plasticity and impact-Bill was a prolific writer on many topics. These had a mechanics root and often involved the application of his well-tried formula of combined experiment and mathematical modelling. One example in which his writing reflected his range of interests was sport, and in particular football. His paper 'The impact, rebound and flight of a well inflated pellicle as exemplified in Association Football' (7) covered the mechanics of bouncing, heading and kicking a football. The stated aims of the paper were typical of Bill's approach to engineering: 'to furnish engineering science teachers with attractive examples which are close to students' interests' and 'to enrich the appreciation of the game of football'. This was clearly a success because, although it was first presented in 1973, it remains one of the most accessed papers of the Manchester Association of Engineers. At a more technical level, figure 5 illustrates the associated investigation into the mechanics associated with heading a football by measuring the acceleration pulse delivered to the head while heading a football, and the calculation of the Gadd severity index, used in assessing the effect on the driver of a car in an impact. In football, such impacts to the head were thought possibly to be responsible for generating subsequent brain damage in professional footballers in the 1950s. In the photograph, the 'dummy' was me! Fortunately the work showed that single blows of this type when heading a football were not threatening.
Further sport-orientated papers covered pole vaulting, rock climbing and head injuries in boxing.
History of science and technology
Bill Johnson never lost his early interest in the History of science and technology, which he pursued more vigorously towards the end of his career, particularly after his election to the Royal Society. He wrote papers about various eminent people; examples are Voltaire and Edward Gibbon FRS. Perhaps as a result of his interest in military mechanics, he paid special attention to Benjamin Robins FRS (14), who died in 1751 at Fort St David near Cuddalore in East India. Bill's influence resulted in his arranging for himself, Professor Norman Jones and me to share in a visit to several places key to the Robins story in a memorable post-conference journey, commemorated in figure 6.
PErsonAl rEflEctions
Having first seen Bill Johnson when I was a PhD student in the Department of Mathematics at the University of Manchester, attending a seminar organized by Bill at UMIST, he and I became properly acquainted when I was appointed to a lectureship in mechanical engineering there in 1970. We became senior and (very) junior colleagues then, and later good friends for the rest of his life.
Perhaps because of our similar social backgrounds, he became a trusted confidant and mentor throughout my career, both in teaching and in research, and particularly with our involvement as editors of IJMS, of which he was the founding editor. Bill performed his duties as Bill's enthusiasm and drive were infectious, characterized by his aphorism that he would 'sooner write the first paper on a topic than the last'. This led him to publish a prolific number of papers and to open up several areas for investigation such as metal-forming plasticity and impact engineering. This attracted both admiration and, from some quarters, criticism; however, no one did or could criticize his commitment and his contributions to the broad field of mechanics. I believe that he recruited me in 1970 as someone with a mathematical background (first as a mathematics undergraduate in the University of Manchester, then completing a PhD there under the supervision of David Bland in elastic wave propagation up to 1969), which led me, after 1970, into impact mechanics/engineering and ultimately led Bill to found IJIE, the sister journal to IJMS.
As I trust that these two academic organs, IJMS and IJIE, will remain as worthy and lasting testimonies to Bill's work and influence.
Bill Johnson's life can certainly be summarized by amendment of the title of his autobiography: 'Record and services, more than satisfactory'.
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